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INTRODUCTION 
The hydroelectric generator strap field coil which was submitted 
to the Analytical Services Branch of the Engineering Experiment Station 
of Georgia Tech on August 5, 1977, for failure analysis has been ex-
amined using a variety of analytical techniques. This crossed coil had 
failed by electrical ourn out which completely melted away the corner 
area of two turns near the bottom connector as shown in Figure 1. The 
results of this analysis indicate no material defects in the coil and 
have not shown cause for this failure. 
EXPERIMENTAL PROCEEDURE 
The coil was first examined in the as received condition for any 
visible clue such as obvious defects, unusual coloration, and con-
dition of the . insulation. A "tongue" of material \vas observed on the 
side of the burn out area nearest the connector, see Figure 2, which 
appeared unusual. A portion of the last turn including the connector 
and the "tongue" was removed from the coil for closer examination. The 
"tongue", as shown in Figures 3 and 4, was then identified as being the 
result of the failure of the silver brazed joint which is present in this 
area as shown in detail GR4 of the Westinghouse blue print No. 7149D78. 
The "tongue of material was removed from the main body and a portion of 
the brazed surface cut out for examination in the scanning electron micro-
scope (SEM). This surface was anlyszed in the SEM using an energy dis-
persive x-ray analyzer and all areas checked showed elernents consistent 
with the elemental content of Sil Fos braze with perhaps an excess of 
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phosphorous in some areas. This analysis, however, indicates that the 
joint was properly brazed and failed as a result of the remelting of 
the braze due to the heat of the electrical failure and was probably not 
a factor in the main failure cause. 
The copper material itself \vas suspect and the condition of the burn 
out corner in a questionable mechanical state due to the lack of first 
hand knowledge of the amount of deformation, if any, which it may have 
been given during attachment of the connector. In order to check the 
material and the possibility of microcracks after deformation, the re-
mainder of the last half turn from which the connector corner had al-
ready been removed was pried loose from the coil. The short tapered end 
was placed in a vice and the corner bent approximately 30° and rebent to 
its original position. A section was taken from the center of the turn 
which was mounted, polished, and etched. This etched section was then 
studied with an optical microscope. The structure, as shown in Figure 5, 
appears normal and no microcracks were evident. 
Further examination of the coil revealed that a large amount of mater-
ial which melted at the corner had run down and resolidified between the 
mica insulation and the inner surface of the coil. A few pieces of this 
material were removed and analyzed in the electron probe microanalyzer in 
the hope that any trace elements found might give a clue as to the cause 










Elemental Analysis of Resolidified Copper Surfaces 








0.3- 0.5 overall with some areas 4-6 
0.2 0.6 in spots 
trace 
0.2- 0.7 overall with some areas 3-5 and some 100% 
trace in spots 
Some of the melted material was sectioned to facilitate analysis of its 
interior. The only elements which seem to have reacted with the molten 
copper were Si, S, and Fe. Si was found in spots (~ 0.5%), S was found 
overall (~ 0.5%) with some "hot spots" containing ~ 2% and Fe was found 
overall c~ 0.5%) with some "hot spots" containing ~ 5-10%. 
The source of the sulfur was not obvious which lead to the analysis of 
the materials in contact with the resolidified copper. A piece of mica, 
some epoxy, and some of the red material used to pack the uneven ends of 
the coil were analyzed. The mica and epoxy analyses gave expected results. 





Analysis of Red Packing Material 
Approximate Amounts (%) 
2 - 3 






TABLE II con' td 
Analysis of Red Packing Naterial 
Approximate ~~aunts (%) 
12 - 15 
5 - 10 
'V 0.5 
8 - 10 
It appears reasonable from this analysis that the sulfur in the 
melted and resolidified copper came from a reaction with the red pack-
ing material. This material could also account for the iron in the 
copper except for the fe1v "hot spots" of high iron concentration \.Jhic~'l 
was found to contain no sulfur. 
CONCLUSIONS 
This analysis has shown that the copper coil has probably reacted 
with some iron during the failure. While it is obvious by inspection of 
the coil that arcing has occured between the coil and the pole piece, it 
is believed that the iron found in the melted and resolidified copper 
which ran between the mica and the coil away from the arc over region 
would indicate a reaction of the copper with some iron part early in the 
time span of the failure. However none of the analyses has revealed a 
possible cause for failure initiation. 
Figure 1: Burned coil 
Figure 2: "Tongue" at edge of burn out 
Figure 3: Connector Corner with "tongue" 
Figure 4: "tongue" 
Figure 5: Copper structure (150X) 
